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ROTARY ACTUATORS SUITABLE FOR BLADED 
ROTORS _ ' , 

This invention relates to rotary actuators, suitable for 
use with rotors having ?ow-varying blading, for effect 
ing adjustment of the blading. 
According to the invention a rotary actuator, suitable 

for use with rotors having ?ow-varying blading, for 
effecting adjustment of the blading, includes two rela 
tiveIy-rotatable and co-axially-disposed 'rnain actuator 
components, abutment means carried by the ?rst of 
said components and displaceable axially with respect 
to that component, further abutment means carried by 
and fast with respect to the second of said components, 
holding means operable for holding the displaceable 
abutment means out of engagement with respect to said 
further abutment means whereby relative rotational 
movement between the two components occurs when 
one of them moves in either one of its two directions of 
rotation, and controlling means, operative when said 
holding means is inoperative, for urging the displace 
able abutment means into mechanical engagement with 
the further abutment means at any relative rotational 
position of said components, said engagement being 
such as to prevent relative rotational movement of the 
components as would otherwise occur with movement 
of said one component in one of its two directions of 
rotation, and being such as to permit relative rotational 
movement of the components arising from movement 
of said one component in the other of its said two direc 
tions. ‘ 

The displaceable abutment means and said further 
abutment means may each comprise a ring of teeth of 
ratchet form, the rings of teeth being co-axially ar 
ranged and inter-engageable to afford a rotary ratchet 
ing action. ' 
The holding means may be movable to an operative 

position under ?uid pressure, such movement being in 
opposition to said controlling means, the latter means 
automatically effecting said mechanical engagement 
upon loss of, or substantial reduction in, the ?uid pres 
sure applied to said holding means. 
The actuator may be of vane-type and said main 

actuator components be of multi-vaned form. 
Preferably the vane-type actuator is of the balanced 

kind generally as disclosed in the speci?cation of U.S. 
Pat. No. 3,664,763. 
Also according to the invention a rotor having ?ow 

varying blading is provided with a rotary actuator for 
effecting adjustment of the blading, to vary ?ow of ?uid 
over the blading, said actuator including two relatively 

, rotatable and co-axially-disposed main actuator com 
ponents, abutment means carried by the ?rst of said 
components and displaceable axially with respect to 
that component, further abutment means carried by 
and fast with respect to the second of said components, 
holding means operable for holding the displaceable 
abutment means out of engagement with respect to said 
further abutment means whereby relative rotational 
movement between the two components occurs when 
one of them moves in either one of its two directions of 
rotation, and controlling means, operative when said 
holding means is inoperative, for urging the ‘displace 
able abutment means into mechanical engagement with 
the further abutment means at any relative rotational 
position of said components, said engagement being 
such as to prevent relative rotational movement of the 
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2 
components as would otherwise occur with movement 
of said one component in one of its two directions of 
rotation, and being such as to permit relative rotational 
movement of the components arising from movement 
of said one component in the other of its said two direc 
tions. 
The controlling means may comprise a plurality of 

balls or like elements which are so co-operable with 
said second component, or a part carried thereby, and 
which are so co-operable with a frusto-conical surface 
forming part of said holding means, that when the rotor 
is rotating and when the'holding means is inoperative 
said balls or like elements are operable, under centrifu 
gal force, to load said displaceable abutment means 
into its mechanical engagement with the further abut 
ment means. , 

One embodiment of the invention will now be partic 
ularly described by way of example with reference to 
the accompanying drawings, of which, 
FIG. 1, comprising'upper part A and lower part B, is 

a cross-sectional side elevation of a part of a bladed 
rotor having a rotary actuator for adjustment of the 
blading thereof, ' 
FIG. 2 is a cross-section taken along the line II —- II 

on FIG. 1, this section being on a reduced scale, and, 
FIG. 3 shows three partial cross-sections, that in the 

upper right-hand quarter of the drawing being taken 
along the line IIIA. — IIIA in FIG. 1, that in the lower 
right-hand quarter of the drawing being taken along the 
line IIIB — IIIB in FIG. 1, and that in the lower left 
hand quarter of the drawing being taken along the line 
IIIC — IIIC in FIG. 1, the three sections being on a 
further reduced scale. 
Referring to the drawings, a bladed rotor 11 suitable 

as the fan of an aircraft gas turbine engine of the duct 
ed-fan by-pass type includes hub structure generally 
indicated at 12 within which is mounted a vane-type 
liquid-pressure-operable rotary actuator 13 whose ro 
tational axis is coincident with the rotational axis 14 of 
the bladed rotor. 

In the manner generally disclosed in the speci?cation 
of US. Pat. No. 3,664,763, the actuator 13 is of bal 
anced kind and comprises two main actuator compo 
nents l5 and 16, of multi-vaned form, which are rotat 
able in either direction and oppositely, the one with 
respect to the other, about the axis 14. The component 
15 is provided with ?ve radial]y-outwardIy-directed 
vanes 17 equi-spaced circumferentially of the compo 
nent, and a shaft portion 18 thereof extends to the right 
in FIG. 1. A ring 19 of bevel gear‘teeth is formed upon 
a member 20 which is suitably-splined upon the shaft 
portion 18. The component 16 comprises two casing 
portions 21 and 22 bolted together as at 23 and bolted 
as at 24 to ?ve radially-inwardly-directed vanes 25 
interposed in circumferentially equi-spaced manner 
between those portions. In this way ten actuator cham 
bers 26 are provided between the vanes 17 and '25. 
The component 16 is supported in a bearing 27 of 

suitable plastics material so as itself to be relatively 
rotatable with respect to the hub structure 12. 
Bolted to the casing portion 22 is an annular member 

28 which carries a ring 29 of bevel gear teeth, the rings 
29 and 19 having their axes both coincident with the 
axis 14, and the teeth of one ring facing those of the 
other ring as shown in FIG. 1. 
Mounted in suitable bearings (not shown) each 

within a respective socket portion as at 30 of the hub 
structure 12 are fourteen fan blades, one of which is 
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shown at 31. Each fan blade is connected by means of 
a splined member 32 to a respective bevel gear 33 in 
mesh at diametrically-opposed positions thereof with 
the teeth of the rings 19 and 29. Thus in the manner 
disclosed in the above-mentioned U.S. speci?cation 
operation of the rotary actuator 13 effects rotary move 
ment of all the bevel gears 33 in unison and thus effects 
adjustment of the blades 31 in either the ?ne pitch 
direction or the coarse pitch direction, as the case may 
be, about their longitudinal axes 34 to vary flow of air 
over the blades. 
As also shown in FIG. 1, needle rollers 35 are pro 

vided between the casing portion 21 and a retaining 
ring 36 screw-threadedly engaged with the left-hand. 
end portion of the component 15. Further needle roll 
ers 37 are positioned as shown between the casing 
portion 22 and an annular member 38 generally of 
L-shaped cross-section which surrounds and is 
mounted fast upon the shaft portion 18. 
At the junction of the axially-extending portion 39 of 

the member 38 and the radially-outwardly-directed 
portion 40 thereof that member is formed with a multi 
plicity of circumferentially equi-spaced pockets 41, in 
this embodiment there being seventy-two such pockets, 
each housing a respective ball 42. As shown in FIG. 1 
each ball 42 is in engagement with a frusto-conical 
surface 43formed upon an annular piston member 44 
mounted within the annular member 28. Such mount 
ing is afforded by the provision of twelve circumferen 
tially equi-spaced and axially-directed rows 45 of balls 
46, four balls being provided in each row in cooperat~ 
ing opposed channel recesses in piston member 44 and 
annular member 28 to prevent relative rotation there 
between. These rows of balls permit smooth axial slid 
ing movement of the annular piston member 44. An 
annular axially-directed stop 47 is provided on the 
member 38 for the rows 45 of balls. - 
The annular piston member 44 comprises two radial 

ly-inwardly-directed lands 48 and 49. The land 48 in 
corporates a sealing ring 50 which is in sealing engage 
ment with the exterior surface of the axially-extending 
portion 39 of the member 38. The land 49, which is of 
larger internal diameter than the land 48, also incorpo 
rates a sealing ring 51 which is in sealing engagement 
with a ?anged insert 52 positioned as shown in FIG. 1. 
The annular chamber 53 formed between the lands 48 
and 49 is communicable through passageways, as at 54, 
with a source of hydraulic liquid under pressure. 
The annular piston member 44 forms liquid-pressure 

operable holding means for displaceable abutment 
means 55 formed integrally with the piston member. 
The displaceable abutment means is co-operable with 
further abutment means 56 formed integrally with the 
member 20. Thus the construction is such that the 
displaceable abutment means 55 is carried by the mem 
ber 28 and thus the component 16, being displaceable 
axially with respect to that component by the holding 
means 44, while the further abutment means 56 is car 
ried by and held fast with respect to the component 15 
by way of the shaft portion 18. 
The displaceable abutment means 55 and the further 

abutment means 56 each comprises a ring of teeth of 
ratchet form. the rings of teeth having their axes co 
incident with the rotational axis 14 and being inter 
engageable to afford a rotary ratcheting action. 

In operation of the bladed rotor liquid under pressure 
is normally always supplied directly from a supply 
pump (not shown), through the passageways 54 to the 
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chamber 53, and due to the different opposed end face 
areas of the lands 48 and 49 a differential pressure 
effect is produced which biasses the annular piston 
member 44 to the left in FIG. 1 to hold the abutment 
means 55 and 56 out of engagement. Under such con 
ditions all the balls 42, which form controlling means, 
are positioned as shown in FIG. 1 at the radially~inner 
end portion of the frusto-conical surface 43, at the 
same time bearing against the wall 57 of the member 
38. 
With the abutment means 55 and 56 so disengaged, 

the vane-type rotary actuator is operable, under the 
control of suitable control valve means (not shown), by 
pressure liquid delivered by the supply pump. Upon 
such operation the components 15 and 16 rotate by 
equal amounts in opposite directions, this relative rota 
tion producing a balanced driving effect, by way of the 
bevel gearing 19, 29 and 33, upon the blades to change 
their pitch. In this way the blades 31 are moved either 
in the pitch-coarsening direction or in the pitch-fining 
direction as required by the setting of the control valve 
means. For pitch-coarsening of the blades ?ve alternate 
chambers 26 are chargeable with liquid under pressure 
while the other ?ve chambers are placed in communi 
cation with drain, the component 15 thereby moving in 
one of its two directions of rotation while the compo 
nent 16 moves in the opposite direction of rotation. 
Conversely said other ?ve chambers 26 are chargeable 
with liquid under pressure for pitch-?ning of the 
blades, while the ?rst-mentioned ?ve chambers are 
placed in communication with drain, the component 15 
then moving in the other of its two directions of rota 
tion, while the component 16 moves in the direction 
opposite thereto. 

If, during operation of the bladed rotor, and at any 
relative rotational position of said components 15 and 
16 a total loss of liquid pressure occurs in the passage 
ways 54, or a loss of pressure below a predetermined 
value, for example, consequent upon inadvertent liquid 
leakage or failure of the liquid supply pump, the differ 
ential pressure effect biassing the annular piston mem 
ber 44 to the left in FIG. 1 is lost whereupon centrifugal 
force acting upon the controlling means formed by the 
balls 42 drives them outwardly, in the direction away 
from the axis 14, moving along the surface 43. Since 
such movement is reacted by the wall 57 of the member 
38, the annular piston member 44 is displaced to the 
right in FIG. 1 and thus the abutment means 55 moves 
axially into mechanical engagement with the abutment 
means 56. Such mechanical engagement results in the 
holding of the components 15 and 16 in their relative 
rotational position at which the failure has occurred, 
but since the teeth of the abutment means are of 
ratchet form, both components are still capable of 
being rotated under liquid pressure, the one in one only 
of its two directions of rotation and the other in the 
opposite direction thereto. 
The rows 45 of balls 46 not only serve to provide 

smooth axial sliding movement of the annular piston 
member 44 with respect to the member 28 but these 
rows are so arranged that, when the abutment means 
55 and 56 are in engagement, they form means through 
the intermediary of which torsional loading upon the 
annular piston member 44 is reacted by the member 28 
and thus the component 16. 
Upon such a condition of liquid pressure loss it is 

essential that the blades of the rotating rotor 11 should 
‘not be able to move in the pitch-?ning direction, other 



wise dangerousovervspeedingyofzthe. .rotor might occur. 
Thusthe rings of ratchet teeth of the abutment means 
55 and 56 are disposed inthe rotational sense of their 
respective components in a manner, such asto prevent 
pitch-?ning. Therefore the relative rotational move 
ment of thecomponentsylS, and ‘_ 16 permitted by.,the 
‘ratchet teethis thatappropriate for pitch-coarsening 
action of the ‘actuator to enable theblades then to be 
moved, if so required, to the feathered condition'f Such 
movement torthe feathered condition is effected by the 
operation of a feathering pump (not shown) separate 
from the supply pump. Thus, upon such failure occur 
ring the feathering pump canbe caused to deliver pres 
sure-liquid to the ‘appropriate. chambers '26 of the actu 
ator 13, through suitablezducting', .t'o featherthe blades 
and thus placenthe rotorina condition which imposes 
‘the least drag upon the. associated aircraft when in 
?ight. _ ,_ __ _, I "‘ T, " , X y 

I ,The‘ above-described holding of the components ‘15 
and 16‘ afforded by inter-engagement of the abutment 
means‘ ‘55 and 56 provides what is, termedanf‘active 
lock” that at any relative rotational positionof "the 
components the abutment means tare'readily-oper'able 
automatically to hold the components against pitch-?n 
ing operation in the event of loss of?liqiiidpressure 
supply to the actuatorMHqwever,"the rotary actuator 
mayualso havewhat is'termed a f‘passive stop” and 
means formingsuch a stop, as disclosed in the Speci? 
cation of my Application of even datehe’rewith ‘(Dowty 
Rotol Limited’s Case No: E2318), are generally indi 
cated at 60 in FIG. 1. 
The invention is not limited to rotary actuators of the 

balanced-vane-type as in other embodiments the rotary 
actuators may be of the non-balanced type in which 
one main actuator component is adapted for mounting‘ 
fast with respect to a member, for example, the hub of 
a bladed rotor, while the other main actuator compo 
nent is rotatable with respect to said one main compo 
nent in either direction. . 
Again, the invention is not limited to actuators of the 

vane-type, as in other embodiments the rotary actua 
tors may be of other type. , - 

Finally, the invention is not limited to rotary actua 
tors for bladed rotors as in other embodiments rotary 
actuators in accordance with the invention may with 
advantage be used with other devices where it is desir 
able to provide the actuators with similar abutment 
means engageable in similar manner. 

I claim: ‘ 

l. A rotary actuator, suitable for use with rotors 
having ?ow-varying blading, for effecting adjustment of r 
the blading, including two relatively-rotatable and co 
axially-disposed main actuator components, abutment 
means carried by the ?rst of said components‘and dis 
placeable axially with respect to that component, fur 
ther abutment means carried by and fast with respect to 
the second of said components, axially-displaceable 
holding means associated with said displaceable abut 
ment means, anti-friction elements through the inter 
mediary of which said holding means and said displace-= 
able abutment means are together carried by said ?rst 
component in a manner so as to permit the axial dis 
placement thereof with respect to that component but 
to prevent relative rotation between those'means and 
that component. said holding means being constructed, 
so that in its operative position it holds the displaceable 
abutment means out of mechanical engagement with 
respect to said further abutment means whereby rela 
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tiverrotational movement between the two components 
‘occurs when one of therlnwmoyes in either one of its two 
directions of _ rotation, and controlling: means co-‘op’e'ra 
l'blegwith said ‘holding {means and ‘operative when said 
‘holding means vis inoperative, "forfloading' the displace 
,able abiitmerit means’into mechanical en'ga‘gementwith 
the further abutment means at any relative rotational 
position‘ of said ‘cdmponents, ‘said engagement‘bein’g 
such asto prevent relative rotational'mover'nentof the 
components as would otherwise occur'with' mov'errient 
o'fs'aid one component in one of‘ its two directions -'of 
rotation, and'bein'g such as to permit relative rotational 
movement of the components arising from movement 
of said one'corriponent in the other of its said ‘two direc 
tions. H l' _' "3' i‘ - 

, 2'. A rotary actuator, ?tted to a rotor "having ‘?ow 
varying'lblading for effecting‘adjus't'ment of the blading, 
including ‘two relatively-rotatable andv co-axially-dis‘ 
posed main actuator components the common rota 
tional axis of ; which is co-incident with the rotational 
axisiof the rotor, abutment means carried by the ?rst of 
said'comp'onents and’displaceable axially with'respect 
to‘ that componentffurthe'r abutment means carried by 
and ‘fast’ with Iresr‘iec'tfto the second ‘of *said components, 
?uid-pressure-‘operablé "holding means ‘ constructed so 

- that'in its, operative position it holds the displaceable 
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'abutment'lmean'si out ofl-mechanical"‘engagement with 
respect to said further abutment means whereby rela 

''tive rotational movement between the two components 
‘ occurs when‘one‘ of them'm’oves'in either one'of its two 
directions of rotation, and controlling means compris- ‘ 
ing a plurality of elements responsive to centrifugal 
force so that when the rotor is rotating and when, upon 
the occurrence of at least substantial reduction in ?uid 
pressure applied to said holding means the holding 
means is inoperative, said elements are operable under 
centrifugal force to load the displaceable abutment 
means into mechanical engagement with the further 
abutment means at any relative rotational position of 
said components, said engagement being ‘such as to 
prevent relative rotational movement of the compo 
nents as would otherwise occur with movement of said 
one component in one of its two directions of rotation, 
and being such as to permit relative rotational move 
ment of the components arising from movement of said 
one component in the other of itssaid two directions. 

3. A rotor having ?ow-varying blading and provided 
with a single rotary actuator, the rotational axis of 
which is co-incident with the axis of rotation of the 
rotor, means for translating rotary output movement of 
said actuator into adjustment of the blading for varying 
?ow of ‘?uid over the blading, and said actuator includ 
ing two relatively-rotatable and co-axially-disposed 
main actuator components, abutment means carried by 
the ?rst of said components and- displaceable axially 
with respect to that component, further abutment ‘‘ 
means carried by and fast with respect to the second of 
said components, holding means constructed so that in 
its operative position it holds the displaceable abut- ‘ 
ment means out of mechanical engagement (with re 
spect to said further abutment means whereby relative 
rotational movement between the two components 
occurs when one of them moves in either one of its two 
directions of rotation, and controlling means operable 
under centrifugal force thereon during rotation of the 
rotor, with said holding means inoperative, for loading 
the displaceable abutment means into mechanical en 
gagement with the further abutment means at any rela 
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tive rotational position of said components, said en 
gagement being such as to prevent relative rotational 
movement of the components as would otherwise 
occur with movement of said one component in one of 
its two directions of rotation, and being such as to 
permit relative rotational movement of the components 
arising from movement of said one component in the 
other of its said two directions. 

4. A rotary actuator, ?tted to a rotor having ?ow 
varying blading for effecting adjustment of the blading, 
including two relatively-rotatable and co-axially-dis 
posed main actuator components, abutment means 
carried by the ?rst of said components and displaceable 
axially with respect to that component, further abut 

’ ment means carried by and fast with respect to the 
second of said components, fluid-pressure-operable 
holding means constructed so that when moved to its 
operative position under ?uid pressure it holds the 
displaceable abutment means out of mechanical en 
gagement with respect to said further abutment means 
whereby relative rotational movement between the two 
components occurs when one of them moves in either 
one of its two directions of rotation, and controlling 
means, operative when said holding means is inopera 
tive and comprising a plurality of balls, a part carried 
by said second component and a frusto~conical surface 
forming part of said holding means, said balls being so 
co-operable with said part and said surface that when 
the rotor is rotating and when, upon at least substantial 
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reduction in ?uid pressure applied to said holding 
means, the holding means is inoperative, said balls are 
operable under centrifugal force automatically to load 
the displaceable abutment means into mechanical en 
gagement with the further abutment means at any rela 
tive rotational position of said components, said en 
gagement being such as to prevent relative rotational 
movement of the components as would otherwise 
occur with movement of said one component in one of 
its two directions of rotation, and being such as to 
permit relative rotational movement of the components 
arising from movement of said one component in the 
other of its said two directions. 

5. An actuator as claimed in claim 1, wherein the 
actuator is, of vane-type, and said axially-displaceable 
holding means is fluid-pressure-operable. 

6. An actuator as claimed in claim 2, wherein said 
displaceable abutment means and said further abut 
ment means each comprises a ring of teeth of ratchet 
form, the rings of teeth being co-axially arranged and 
inter-engageable to afford a rotary ratcheting action. 

7. An actuator as claimed in claim 2, wherein the 
actuator is of vane-type and said main actuator compo 
nen'ts of multi-vaned form. 

8. An actuator as claimed in claim 7, wherein said 
actuator is of the balanced kind. " 
, 9. An actuator as claimed in claim 2 and ?tted to a 
bladed rotor for adjustment of the blading thereof. 

. * * * * * 


